



















^^1 GENERAL RADIO W 

Hxperimenter 




Published Monthly by the General Radio Company 
VOLUME 33 • NUMBER 2 FEBRUARY, 1959 


CONTENTS 

An Improved Pulse Generator with 15*Millimicrosecond 

Rise Time. 

A New and Improved Version of the Vacuum-Tube 

Bridge. 

Type 1214-E Unit Oscillator. 

Type 1951-E Filter. 


Page 

3 


12 

15 

16 


The General Radio EXPERIMENTER is mailed without charge 
each month to engineers, scientists, technicians, and others 
interested in electronic techniques in measurement. When 
sending requests for subscriptions aryd address-change 
notices, please supply the following information: name, 
company address, type of business company is engaged in, 
and title or position of individual. 


COVER 



Th« output curronts from 
tovorol Typo 1391-B PuUo, 
Swoop, and Timo-Doloy 
Gonorotors con bo oddod 
to produco vory complox 
wovoformt. This photo¬ 
graph shows four gonor* 
otors whoso outputs oro 
combinod to synthosixo 
across tho load rosistor of 
ono gonorator tho wavo> 
forms shown ot tho baso of 
tho photograph. 


GENERAL RADIO COMPANY 


275 Massachusetts Avenue, Cambridge 39, Mass. 

To/ophono; TPowbridgm 6-4400 


NEW YORK: Brood Avonuo at Linden, Ridgefield, New Jersey 

Telephone — N. Y., WOrth 4-2722 
N. J., WHitney 3-3140 

CHICAGO: 6605 West North Avenue, Oak Park, Illinois 

Telephone^ Village 8-9400 

PHILADELPHIA: 1150 York Rood, Abinglon, Pennsylvonio 

Telephone — HAncock 4-7419 
WASHINGTON: 8055 13th St., Silver Spring, Maryland 

Telephone — JUniper 5-1088 

LOS ANGELES; 1000 North Seward St., Los Angelos 38, Calif. 

Telephone — HOIlywood 9-6201 
SAN FRANCISCO: 1182 Los Altos Avo., Los Altos, Colif. 

Telephone —WHilecliff 8 8233 
CANADA; 99 Floral Parkwoy, Toronto 15, Ontario 

Telephone CHerry 6-2171 
REPAIR SERVICES 


EAST COAST: 

NEW YORK; 

MIDWEST: 

WEST COAST: 

CANADA: 


General Radio Co., Service Dept., 22 Baker Avenue, 
West Concord, Mass. 

Telephone Concord, EMerson 9-4400 
Lincoln, Clearwater 9-8900 
General Radio Co., Service Dept., Broad Ave. at 
Linden, Ridgefield, New Jersey 
Telephone N. Y., WOrth 4-2722 
N. J., WHitney 3-3140 

General Radio Co., Service Dept., 6605 West North 
Ave., Oak Park, Illinois 
Telephone — Village 8-9400 

Western Instrument Co., 826 North Victory Boule> 
vard, Burbank, Calif. 

Telephone — Victoria 9*3013 
Bayly Engineering, Ltd., First St., Ajax, Ontario 
, Telephone — Toronto EMpire 2-3741 



lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800) 899-8438 • FAX: (516) 334-5988 













3 


FEBRUARY, 1959 


AN IMPROVED PULSE GENERATOR 
WITH 15-MILLIMICROSECOND RISE TIME 


The Typk 1391-B Pulse, Swe(‘p, and 
'rimo-Delay Clenerator is a Renoral-pur- 
pose laboratory tool for the synth('sis of 
pulse waveforms and for eontrolling the 
occurrence of those waveforms in time. 
The Tyfk 1391-A mwlel, originally di‘- 
scrilied in 1953, was the r(* *sult of an 
effort to extend the signal generator con¬ 
cept to the field of pulse me:usun*ment8. 
lh‘fore this time, pulse generators had 
usually iK'en either cranky “lireatl- 
hoards'^ or highly spiH.‘ialized (and still 
cranky) commercial devices. This new 
nuMlel reflects both field experience and 
an advance in technology which brings 
it nearer to the status of the standard- 
signal generator as an accurate, stable, 
and dejiendable labors ton' tool. 

An outstanding feature of the new 
generator is its improved pulse gener¬ 
ating circuit with faster rise time, Ixjtter 


pulse shape, and improved reliability. 
Other outstanding characteristics of the 
pred(H*essor, Tyi*k 1391-A, arc re¬ 
tained* *. In particular, the following 
retained features have been im¬ 
proved : 

1. The instrument produces an output 
signal of 0.15 ampere into any impedance 
level up to (KX) ohms, thus |K*rmitling a 
wide choice of generator source imi>etl- 
ance and puls«‘ amplitude. 

2. It produces this output signal di¬ 
rect coupled, so that pulses of any dura¬ 
tion at any impedance level do not 
exhibit ram|>-ofT elTects. 

3. It has no duty-ratio restrictions. 

4. It |>ermits the user to inject his 
owm dc component. 

^Proeerdino* oj th€ Sational EWtrvnie* Conjtrme*. l9<Vt. 

*H. W. Frank. “A Vrnwtilr (•rniTnlur («»r Time^Donuun 
Mr*U‘ur«*nM*ntn,*’ Grnmtl Ritdtu hJxprrimmtiT, Vol. 30, No. 
12. May. 1956. p|i. 1-13. 


Figuro 1. Ponol vi«w of th« PuUo, Swoop, and Timo-Dolay Oonorator. 
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Improvements 

A completely new principle was used 
in the design of the dc couphn] stages of 
the pulse generator and output s^’stem 
to increjise their bam 1 widths with a con- 
s<Hju«‘nt ri'iluetion in ris4' time. The im- 
provetl riw time makes this pulse 
generator (!ompatible with the fastest 
standaixl oscillos<*o|M*8, 

future article is planniNi in which 
the thefjretical increase in bandwidth 
for thi^se dc-couple<l pulsi' circuit.s will 
lx* derive<l. 'fhe (h'iTeas4* in rise time is 
better than two-to-one. In this instni- 
ment we cIkksc* not to pn^ss for the full 
th(M)retical increase in bamlwiiltli, but 
instcail to (l(»sign circuits of increased 
stability and reliability. Negativ(‘-fe(»d- 
back principle's and reduciHl plate dissi¬ 
pation (most of the pulse-amplitier tubes 
run at less than half their maximum plate 
dis.sii)ation) make the characteristics of 
the pulse essentially imlepeiaient of tube 
aging ami line-voltage variations. 

In addition to the extensive mexli- 
Hcation of the pulse generating and out¬ 
put .system, im|X)rtant changes have 
been made in the input circuits, ami im¬ 
provements have Ihh'Ii maile in the 
switching .system for starting and stof>- 
ping the main pulse. 

The chang<'s in the input circuit now 
permit (1) either nc or dc conne<'tion 
from the external systems t<» the trigger 
circuit and (2) an ailjustment of the 
triggering threshold voltage. 'Hus in- 



gTMT 

o— 






Figur* 2. Viaw of gonorotor and powor supply. 


creases the adaptability of the instru¬ 
ment in lal)oratory systems, since the 
sf'nsitivity for brief pulses can be opti¬ 
mized, the input circuits can be gateil, 
and some range of pinusing for slowly 
var>'ing waveforms can be had. 'riiesi* 
possibilities are explored further under 
Input Circuits, below. 

A change in the switch which routes 
the “start** and “stop** triggering pulses 
determining the duration of the main 
pulse ha.s Ix'en made. With this new ar¬ 
rangement it is possible to mix inter¬ 
nally proiliKHHl pulses with pul.s<*s gen¬ 
erated by outside systems or with pul.ses 
produced by the input and delay circuits 
of the Typk 1301 itself. With the puls<* 
timed by both the normal system and 
the delay circuits, the user can produce 
an accurately timed double pulse. If ex¬ 
ternally generatcxl pulses are mixcnl with 
those prfKlucfxl internally, multiple 
pulses or even pulses having different 
repetition rates will be prcKluced by the 
pulse-generating circuits. 


Figuro 3A. Systom block diogrom thowing moiof 
circuit groups and fhoir intorconnocHons. 
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The newly designed iiulsi^-gf'neraling 
cirenits permit some simplification ol‘ 
the power-supply circuitry. Along with 
the changes necessary for the n(*w cir¬ 
cuitry, the selenium rectifiers usihI in the 
power supply have Ixhmi replac(Nl with 
silicon types, r(*sulting in a n*<luction of 
volume required for components and 
permitting a reduction in the height of 
the power supply panel. 

System 

The Type 131)l-li Pulse, Swec*p, and 
'Fime-Delay Generator (Figur(*s 1 and 
2), as its lengthy name implit^s, is a com- 
hination of three* instrum(*nts in one. It 
consists (Figun* 3) of a pifHMsion delay 
generator, a saw-tooth swwp g(*nerator, 
and a pulse generator. A versiitile input 
circuit is included, which is capahh* of 
driving the three correspoialing generat¬ 
ing circuits at any r(*currence rate* from 
zero to their maximum capahilities. 'Flic 
timing waveform to set the PKF can he 
sine waves, sepiare waves, or pulses, aiul 
it can be providinl eitlna* by a pi*riodic 
signal source such as the (leneral Hadio 
Pype 1210-(’ Fnit U-C Oscillator, or by 
a on(*-shot, or random, cluinge in voltage. 
Alternatively, an output signal from the 


generator can be fe<l back into the input 
terminal to provide a timing period set 
l)y the internal circuits themselves. Usi*d 
in this way, the instrument is a self- 
contaiiHHl timing generator of good ac¬ 
curacy and stability. 

To provide for the utmost in applica¬ 
bility, many input and output terminals 
and switches p(*rmit intiTconneclion of 
the major units amt)ng themselves and 
to and from e.xternal circuitry, 'rhese 
coniHMUions and switching are shown in 
Figun* 3 and will be discussiHl in connec¬ 
tion with tin* individual circuit groups 
l>elow. 

Input Circuits 

'File input circuits (Figure -1) provide 
a trigg<‘ring pulse to initiate th(‘ action 
of the various circuit systems c<3mprising 
th(* gen(*ralor. 'Fh(‘y also provide a mas¬ 
ter synchronizing pulse to synchronize 
other e(pnj)m(*nt with tin* generator. 
'Fhese trigg(‘ring signals are n(*arly in¬ 
variant in slope* and durat ion, irrespec¬ 
tive* of the* sle>pe* anei amplitude* of the 
driving signal. 

'Fhe* new input switch and dc thr(*shold 
control make* it pe)s.sible to s(*lect e*ither 
peKsitive*-going or ni‘gative*-going portions 


Figur* 3B. Timing diagram 
far the complete system. 


AMPLITUDE 
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Figure 4. Block diagram of the input circuits. 
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uf tho input signal In triggrr tho syn¬ 
chronizing circuits. 'Fho switch couples 
the input signal either directly ftr capaci- 
tively to the trigger circuits, and the 
lhr(‘.shold (‘ontrol selects, over a limited 
range, the actual voltag«‘ at which the* 
trigger circuits will lire. This control en- 
ahh‘s the user to optimize the sensitivity 
to input puls4‘s of either polarity and to 
initiate the trigger at voltages corre¬ 
sponding precisely to the zero crossings 
of any waveform. 

The cover photograph illustrates a 
unique and important feature of the new 
input cinaiits. Tin* input circuits them¬ 
selves serve tus a very efficient “and’' 
gating circuit, which can, for instance, 
be usetl to produce pulse bursts. Another 
Typk 1391 Generator (or any other dc 
couphnl source of pulses, for that matter) 
is connected to the input terminals in 
addition to the normal driving signal. 
The p<Mk‘stal thus added can, depending 
upon its polarity, <‘ith(*r (Miable or disable 
the input circuit. This operati(»n permits 
the construction of very complex timing 
.sequences like |)art of those shown on 


the cover, in which, for example, a 
“vertical” blanking ptxlestal will auto¬ 
matically inhibit the formation of “hori¬ 
zontal” synchronizing pulses. 

Delay Circuits 

The direct trigger initiates the op(*ra- 
tion of the delay circuits (Figure o), 
which normally produce the dekayed 
synchronizing pulse at an accurately 
controlh*d time after the direct s\nic 
pulse. This time interval can be varied 
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(Leff) Figure 5A. Black 
diagram af the delay 
circuits. 


(Ai>ove) Figure 5B. De¬ 
lay-circuit timing. (Top) 
Caincidence circuit set 
far narmal aperatian. 
{C^ntmr) Multiple-pulse 
timing. {Botfom) Delay 
circuit used as a pH 
divider. 
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from 1 microsecond to 1 scK'ond by the 
10-turn dclaj^ control and the r>-<lecade 
range switch, with an absolute accuracy 
of delay relative to the direct sync pulse 
of better than d=3% over the entire 
range. The usefuhiess of the l-^sec-to-l- 
second delay circuit is increasiril by the 
3- to 1000-Msec coincidence gate system 
(Figure oB). Through the of this 
circuit, multiple pulses, pre<‘ision delays, 
and accurate delay-i*ircuit calibration 
can be accomplished. The similar circuits 



FIgur* 7. Block diagram of syttom for gonoroting ton* 
bursts. 

of the 1392-A Time-Delay Generator 
were discussed both in theory and in 
application in the December, 1958. Ex- 
perimrnter. The system, .shown in P'igure 
5, breaks douTi the various functions of 
gating, sweep generation, amplitude 
comparison, and reset of the gating cir¬ 
cuits in such a way that accuracy, sta¬ 
bility, and resolution are all assurcnl. 

One example of the versatility of the 
delay system is shown in Figures (i and 
7. 'riie output pulse is made coherent 
with a high fre<|uency to pnxluce tone 
bursts. 

Sweep Circuits 

1'he primary function of the sweep 
generator is to time the pulse* both in 


Figur* 6. Cohorant 

lor»« bursts. 

(o) 200-kc signal 
10-kc burst 
rots. 

(b) 1>Mc signal 
IQ-kc rats. 

(c) 5-Mc signal: 
note increassd 
crosstalk in 
ksysr; not* 
also obsencs 
of switching 

transionts. 


iluration and delay relative to the direct 
synchronizing pulse or the delaycii s>m- 
chronizing pulse, either of which can be 
used to start the sweep circuits. The 
8wt?e|>-generating circuits as shown in 
Figure 8 consist of a bistable gate, ‘‘boot¬ 
strap,’^ linear sweep circuit, amplitude 
comparator, and r(*s(*tting circuits. The 
piLsh-pull. linear, saw tooth prcxluceil by 
this group of circuits is fetl at 135-volt 
amplitude through isolating cathode fol¬ 
lowers to output terminals for use with 
external systems. Positive and negative 
gate pulseii corr(*sponding in time to the 
start and the atop tinn‘s of the sweep are 
als4) providcHl at output terminals. The 
duration of the sw«‘ep is nominally 3, 0, 
or l2gs<T8 with a fiviMleciMle multiplier 
so that the longi*sl sw<H‘p i.s 0.12 second. 

Pulse Timing 

The sweep circuits drive the pulse¬ 
timing circuits which comprise a pair of 
amplitude comparatoi-s usihI to start and 
to stop the output puls<‘. The* jirinciples 
of pulse timing arc shown in Figure 9. 



Figur* B. Block diagram 
of twvop circuitc. 




lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516)334-5959 *(800) 899-8438-FAX: (516)334-5988 












































































GENERAL RADIO EXPERIMENTER 


B 




j M I 

‘*^1 fj I ■*? -r| I ewtpt, > —^ Aim.>r*» — | — 




r 




Figur* 9. Block diagram 
of pulse timing and out¬ 
put circuits. 


The piilse-timilig amplitiulcM'ompari- 
son circuits are follower I by trigiger-form- 
ing circuit*^ which produce high-speed 
pulses to start and stop the pulse genera¬ 
tor. Ht'tween the amplitudc'-comparison 
circuits and the trigger-forming circuits 
switching is inserte<l to provide; 

(1) Normal operation, in which the 
amplitude comparators tlelay the pulse 
and time its duration relative to the 
sweep as descril)(*d above. In this p(»si- 
tion the trigger pulses, whi(;h correspond 
to “start” and “stop” time, are fed to 
front-piuiel binding posLs labelefl “start” 
and “stop,” respi^ctively. 

(2) Means to start and stop the pulse 
generator using externally generated and 
time<i signals. 

(3) For the atldition of both internally 
protluced and externally generat(xi tim¬ 
ing signals to start and stop the pulse. 

These three ]K)ssible methods of driv¬ 
ing the pulse generating circuits contrib¬ 
ute to the versatility of the instrument. 
In normal operation, the start-and-stop 
triggering pulses available at the trigger- 
pulse output terminals can be used for 
making time measurements in external 
systems, for checking f]i|>-flop resolution, 
etc. In (2) above, the application of an 
external signal will permit the pulse gen¬ 
erator to iM‘ operatnl at rates far in 
e.xcess of tlu' 2r)0-kc maximum repetition 
rate .set by the 3-Mse(! sweep in the self- 
contain(‘d timing system. IVing a Gen¬ 
eral Radio Type 1330-A Hridge (Xscilla- 
tor (10 volts at 3 Me) and Type 314-SS(i 
Delay Line,* for example, it is po.ssible 
to produce pulses at repetition rates up 
to about 3 Me (Figure 10). 

With the pulse triggering switch set 


as in (3) above, any number of start-and- 
stop pulses can be superimpo.se<I upon 
those gencTateil internally. As a particu¬ 
lar example of this application, the gen¬ 
erator becomes a useful tool for generat¬ 
ing pulse pairs.* By addition of the di¬ 
rect and delayetl synchronizing pulses to 
the internally produced timing pulses 
with the network shown in Figure 11, a 
double pulse having the following char¬ 
acteristics can be prixluced: 

1. First pulse duration, 1 gsec to I 
second. 

2. Delay between first and second 
pulse, 0.2.J M^ec to 0.1 second. 

3 Duration of second pulse, 0.02o 
pi.s(»c to 0.1 secoiul. 

Pairs of pulses pnxluced l)y this methoi^l ^ 
are shown in Figure 12. 

Pulse Generating and Output Circuits 

A simplified schematic diagram of the 
newly designed pulse generating and out¬ 
put circuit is shown in Figure 13. The 
circuits comprise a bistable multivibra- 

*1*. O Enwix, n. ,VI. FraxifT, “A New T>-iJO of V.triable 
DeUiv I.iur," Grnrrnl Radio Exjtrrimrnter, Vul. 31. No. o, 
Octotwr. in.X;, pp. l-S. 

Figure 10. Pulses 
at high repetition 
rates; external tim¬ 
ing. 

(a) 0.0 3 p s e c 
pulse. 3.3-Mc 
timing signal. 

(b) 0.4 ^%9c pulse. 

1 -Me timing 
signal. 

(c) Pulses timed 
by 500-kc sig¬ 
nal. Direct and 
delayed sine 
waves at 
START and 
STOP termi¬ 
nals. 
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Figwr«11.Ad<l- 
ing nvlwerk 
for producing 
puitot. 


WRCCT 

SYNC 


20p;if 

Hh- 


“1^ 




-•START 

-•STOP 


lor, slarlo(J and stopped by timing 
pidsos, a pair of pulso amplifiers, and an 
output stfige. The output stage consists 
of a pair of push-pull tiooO beam tube's 
driven by a pair of 6AV5’s. The circuits 
from the bistable multivibrator onward 
an* push-pull aiul direct-couphnl by a 
uniepie methiKl in which the loss in gain 
<‘haracteristic of the conventional dc 
coupling methods is eliminatenl. 'Hiis 
new (coupling system uses high-^i triodes 
as current sources, and make's practical 
an increase in bandwidth i)f about 3:1 in 
a circuit like that in Figure 13. This cir¬ 
cuit can be viewed as a video amplifier 
flat from dc to about 25 Me. 

.Ml stagers, including the output tulK^. 
work well below their maximum cathode- 



Figur« 12. Doubt* 
pultoi. 

(a) Firtf puts*, 30 
Mt«c; 30 -m«*c d«loy; 
locond puU«, 5 
G«n*rator ft«lf-Hmod 
ol 10 he. 

(b) First puls*. 1 /iS*€; 
1>M**c d*loy; s*<ond 
puls*. 5 


current and plate-dissipation ratings, 
and all stages in the *'on” state operate 
well inU) the negative grid region, under 
self-bias<*d conditions, permitting the 
stabilization of plate current during the 
life of the tube. The (>550 output tubes 
.•supply about 150 ma to the variable 
source resistors across which the pulse Is 
priKluccfl. The common tran.smission- 
line im|HHlances of 50, 72, 04, 150, and 


Figur* 13. SimptMI*d tchemoHc of Ih* puls* g*n*raf- 
ing circuits. 


GOO ohms are provided internally, and 
any imj3edance lower than (>00 ohms can 
be obtained by the coniu'ction of an ap¬ 
propriate resistor in parallel with the in¬ 
ternal rt*sistors. lOxamination of Figure 
13 shows that the pulse of voltage d(*- 
veloped across these resistors contains a 
dc component which is negative with 
respect to ground at the output termi¬ 
nals. Only by pri^rvation of the dc 
component can puJs4»s of long duratioius 
at low-impedance levels be delivered to 
the outside world without deterioration 
of waveform. The dc component can b<‘ 
changed over about a d: 50-volt range 
by the addition at the dc-insertion bind¬ 
ing post of (?ithor a rc'sistor for negative 
translation or a dc voltage for positive 
translation. 

l\d.s<* amplitude can be changed over a 
det*ade range by use of the built-in step- 
amplitude control switch. This switch 
reduces pulse amplitude in ton steps. 
Pulse amplitude is stabilized against va¬ 
riations or transients in line voltage. A 
20% change in line voltiigt* will produce 
no visible transient in either pulse shape 
or duration^ and only a very small long- 
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lorm variation in pulse amplitude, which 
is due entirely to cathfxic temperature 
variation with heater-supply voltage. 

Figure 14 eunsists of unretouehed 
photographs of output pulses under vari¬ 
ous conditions. C\-ireful examination of 
th(*s(» picture's for the characteristics of 
ri.si' lime, overshoot, and flatness will 
convey a hett(*r feeling for the over-all 
ijuality of the pulsc's produced by this 
generator than can the words used to 
df*scril>e them or their spe<*ifications. 
'Fhe reader should note particularly Fig¬ 
ure 14 (C and D) which shows the pulse* 
appliinl dir(M‘tly on the deflecting plate's 
of a Tektronix 541 ()se*illoscope and the 
same pulse passed through the 53/54-0 
plug-in unit and oscilloscope amplifiers. 
With the 5.3, 5-1-C plug-in unit this os- 
cillose'ope has a ratcel rise time of 14 m/i 
seronds. 

Summary and Applications 

Since the Twk 1301-13 is such a gen¬ 
era l-purpo.se* device, it is very diflicult to 
make a complete* listing of applications. 
'Fei the rejider the applications to his 
work will probably Ik? obvious. 

The following 
spccialize'd appli¬ 
cations will help 
to emphasize the 
versatility of this 
new generale)r: 

Figur* 14. PuU* wave¬ 
forms; connvetions dl- 
rvctly to doRocHon 
plates of Tektronix 
541 Oscilloscope. 

(o) 50 -m«*c pulso; 

scale 10 

(b) 0.5 -ms*c pulse; 0.1 
/isec/cm. 

(c) Minimum pulse; 
0.1 

(d) 0.12 -m««c pulse. 
94 n termination, 0.02 
psec/cm. 

(e) Same pulse as in 
(d), passed through 
verticol amplifier of 
oscilloscope. 



1. Use of the input circuits as an 
**and” gate, in which one generator can 4 ^ 
produce bursts of pulses from another. 

This possibility is amply shown on the 
front cover. 

2. The delay and coincidence circuits 
can produce pulses capable of timing 
bursts of high frcH|uency coherent with 
any fretiuency within the generator’s 
spocifiecl range of PRF\s. 

3. The linear .sweep producetl at the 
sweep output terminals can l>e us<hI to 
pntduce a multiplicity of puls4*s, all of 
individually variable duration and delay. 

Use of the amplitude comparator (h*- 
scrihed in the Januaiw', 1950, Experi¬ 
menter is recommended. 

4. Since fhe pulse output circuit con¬ 
sists of a current source and load rc'sistor, 
the currents from several 1391-H’s can 
Ik* addeil to pnxluce a ver>’ i*omplex 
waveform without the usual adding cir¬ 
cuit; again, note the front cover illiistra- a 
tion where the complex waveform ik*- 
veloped by four instruments apiK'ars 
across the load resistor of one instru¬ 
ment. 

5. Only the resolution of the bistable 
circuit in the pulse-generator iLss<*mbly 
establishes an upper limit on the repeti¬ 
tion rate of this unit. By the use of 
extenially timc'd start and stop pulses, 
or when the pulse is timed by any other 
external device, the output pulse gen¬ 
erating circuit can be driven at repeti¬ 
tion rates abovi* 3 Me. 

6. For the testing of high-speeil com¬ 
puter device's, such as flip-flops, even 
where the clock rate is in the megacycle 
range, it is u.sually the pulse-pair resolu¬ 
tion which is of interest. The brief start- 
stop puls<‘s u.se<l to lime the main pul‘K* 
can be continuously varied from coinci¬ 
dence to 0. 1 second apart and form a useful ^ 
pair of signals for such resolution testing. 

— R. W. Frank 
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SPECIFICATIONS 


Input Synchroniiing Signal: nf almost any 

sli:i|x- will triRRiT thr input timiiiR rirruits. 

lypiral input Mifnml minimum :implituilf*s 
an*: 

(1' Him* wavf* 0.1 volt, rms. 

(2) Scpmn* wavi‘s 0.3 volt, p<aik-to-|H>ak. 

(3) Brivf fnmitivr pulsr 1,0 volt, iM*ak-t4»- 
iM'uk. 

(1) ItrieT nvj^alivo puls<* 1.0 V(>ll, |K*ak-to- 
{N'uk. 

•^wilt’ll for a-r or d-<* input and triKK^T^n^ 
tliH'shold rontrols an* prrtvid<*<l. 

Diroct Synchrofiising Pulta 
Polarity-jioKitivi* amplitudi*: 75 volts. 

Duration; (*’j amplitudvi 1 m-mm*. 

Output Imm'danrf*: lUX) ohm.'*. 

|{<*|H‘tituin ^itr: .\nif)ljtud<‘ roii.<^tant to 300 ki*; 
down 20'7 at 500 kv. 

Tim»-0«lay Circuit 

KaiiK**: 1.0 pHiM* to 1.1 SI'** in six ranicos. 

D(*lay I3ial Calibration: 1.00 to 11.00 in KNM) 
divi.sion.s. 

I>i*lay Dial H(*solution: 1 part in SHOO. 
.\<***unu*y: Absoluti*, db2^i full srnlv, *)r 
nf si'iilc reading-f 0.05 nsw, whiclwvor 
is larRvr; inrrcmnntal delay, "h 05 p.si*eK 

Maximum PRF:400 ke. 

Duty Ratio Kffeets: Li^ss than 2^7 ermr in 
del.'iy for duty ratios up to OOS. at the low 
end of ejM*h ranRe, and up to 90^7 at the hiuh 
end of eaeh raiiKe. 

r><‘Iayed SviiehninizinK Pul.si* Charaeteristie.s: 
positive, ltd V, l.0-p.-u‘e half-amplitude duration, 
tiOO-ohm eathodi'-follower output. 

Stability: 



l^nv End 
of Dial 

High End 
of Thnl 

Timi* .litter 

T:1o,(K)0 

1:50,000 

10'7 bine Chang** 

2:1000 

2:10,000 

Smlilen 10^7 Lin** 



Tiansi**nt 

3;1(X)0 

3:10,(XX) 


Concidvnc* Circuits 
(•ate Duration: 3 to 1000 
(late Aeeiiraey; :tl5‘7 rir ±1 p.sc*e, wliieh<*ver 
is larn**r. 

Coini'ideiiee driviiiK ein*uit will ae«*ept either 
fiositive or iieRative iiinut pulsi*.". Souree im- 
|M*daiiee should be low, have rise time li*ss than 
0.2 psee. Amplitudi's lM*twi*i*n 5 and 20 volts 
are aet'eptalili* for negative piils«*s, and lH‘tWf*en 
10 and HK) for jjo.sitive pidsi*s. 

Swesp Circuit 

Sweep Duratioti: 3, O, 12 p-s**** with 5-<lei*ade 
multiplier. 

SwiH'p l.inearity: Det(*rmined by the aeeuraey 
*d pulsi* timing. On longer ranges, where time 
»l«*lav efTeet.v an* absent, the linearity is belter 
thanK;. 

.Hwis'p Amplitude: PtLsh-pull, eaeh phruse, 135 
Viilts, tiominal. 

CallaHh*-Follower output, 1-pf bloeking eapaei- 
lors. 

Swts-p Gate Amplitud**: Push-pull, eaeh plntse 
10 volt.s nomimd. 

Po.Mtive swe»*p gate is eathodc*-foll<»wer output 
eireuit with a 1-pf (‘oupling eapaeitor. Negative 


gate Ls amplifier output with l-uf bloekiiig 
eapaeitor. 

Duty Ratio and Re|H’tition Rate EfFeets: 
Maximum reixdition rate, .'i-psir .swi*<*p, 250 ke. 


I Miiximunt Frequntcy for 
ftnnge > /i* ', Krror in i^irerp Slope 


Sw*‘ep I'im** 

3 p.s**** 

0 /4.SI*** 

1 12 ^i.se<* 

X 1 

l.Vlke 

UK) k(* “ 

(JO k**' 

X 10 

10 ke 

12 ke 

1 7 kc 

X 10^ 

l.ti ke 

1 1.2 ke 

700 c 

X loa 

100 e 

' 120 e 

70 p 

X HP 

10 (* 

12 e 

1 7r 


Puit* O«n*roting Circuit 

Pulsi* Diir.ition; /'riiiutl by swi‘<*p> 0.025 to 
2.5, 0.05 to 5.0, and 0.05 to 10.0 lM*twi<en half 
ani|ditude points, with *le**a«le multipliers to a 
m.'iximiim of l(N).(MN) psee. Ihil.si* cun be ex- 
tendiHi to I.I se<*ond.s if pul.s** i.s timiil by delay 
eireuit. 

Piil.se Duration Aeeuraey: After swc»ep calibra¬ 
tion, zhl^ of dial reading or p.* 4 ee 

whichever is the larger. 

Pul.se Po.sition .\eeuraey: 0.5 psi*e ±1% of 
dial rejiding. 

Pulsi' Rist* Time; Where the load RlC^ i.s 
negligible with re.sjs'et to 15 X 10® tPM*, the 
ris(* time will la* faster than 15 mps<H*. Higher 
load impedam-es or higher shimt Cs will result 
in inereaMxi rlsi* time. 

Typie.al risi* times in nip.see an* as follows: 


Ixtad Imprtlancf 

PmUivt' 

PuUe 

\egtUii'e 

PnUe 



HtJif timiy < H%»* itH-tty 


50 12 terminut**ti 

15 12 

13 15 

overshoot.* 

000 12 wit h S tifii 

<>S**illl>KI*4)(N* prniN' 

40 4(1 

3S 3S 

npprox 3% 


Pul.se ShaiH*: OvershiMits and *dher defects are 
h*H.s than 3^7 of pulse amplitude when the pul.s<* 
generator is eorreelly termiiuiled. Pul.se ramj)- 
*iff diK*s not exist, owing to dins’t 4*oupling of 
output eireuith. 

Pul.-4* Duty Ratio: Push-))ull ein*uit with unity 
duty ratio |)ossible. 

Output lmii«*<l;u»4*<*: 5f), 72, 94, 150, 000 ohms, 
all irioq. 

Output Pulsi* AmplittKl**: 150-ma rurrent 
■source; volt:ige from eju*h plnLn* of push-pull 
channel, 0.15 Zo ±20Vc. 

Typical nominal amplituiles, 50 ohnes, 7.5v: 
72 ohms. 10 v; 94 ohms, 14 v; 150 olinLs, 22 v; 
000 ohms, tH) v. 

D-C Component Insertion; Binding ftosts provided 
for this purposi*. DC (*an In* moved ±25 vidts 
for all output im|M**lan(*(* ex4*4*pt fiOO ohms. 

Accettories Supplied: Inter4*oniu*eting rabl4*s, 
Typk C.AP-35 PoW4*r Coni, 2 Typk 87*4-C5S 
Cable C4'»nni*etor.s, spare fu.*4es. 

Other Accessories Avoiiobie: TvPK 1219-.A I nit 
Pulsi* .\mpli6er for highi*r power output. 

Accessories Required: Trigg4*r HOUri*!*; praetic:illy 
any laboratorj* oHi*illator of the appnipriate 
fn*quenev rangi* is adequate; the Tvpk 1210-C 
Unit R-C OH4*illator is n*eommended. 
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Tub* Compl«n.*nl: G(.‘U('rtltort 

l-59(>3 4-r>AV5r.A 

M»HQ7A 2-12BH7 

3-6r8 5-59(>5 

8-(J485/6AHli\VA 2-5tkS7 
3-6AN5 1-OA2 

(>-12AX7 2-0550 


1-6AU8 

Power Supply 
1-OC3 
1-0AK5 
1 -0 AS7 


Power Supply Input: 105 to 125 (or 210 to 250) 
volts, 50 to 00 eycles, 385 wntt.s. 


Pow<‘r input rocoptncle will accept either 
2 -wire (Typk CAP-35) or 3 -wire (Type CAP- 
15) |Hiwer eord. Two-wire eord is supplitsJ. 
Dimensions: OeiMTaOtr, 19 ( width) X 14 (height) 
X 12inches (d(‘pth) over-all; Power Supply, 
19 (width) X 8 ^ 4 ' (h<‘ight) x 12^12 (depth) over¬ 
all. 

Net Weight: OeiH'rator, 30 pounds; fxjwer supply, 
02 |V)imds. 


Type _ 

1391-BM* Cabinet Model (incl. Power Supply)... 

1391-BR* Relay-Rock Model (incl. Power Supply) 

*U. S. Ptttr?nl N'o 2.o48.4.i8 


Code Word Price 

EDIFY I $1975.00 

EBO.VY' I 1975.00 


A NEW AND IMPROVED VERSION 
OF THE VACUUM-TUBE BRIDGE 


Th<‘ Tvpk 501 \'aciium-Tul)o Bridge* 
has for many years I teen the industry 
standard for determining to a liigli de¬ 
gree of accuracy the low-frequency co¬ 
efficients of vacuum tubes. It m(*ets the 
requirements of the IRE Standards on 


I*]l(M*tron Tubes' and has also proved 
useful for transistor measurements.* Its 
ruggedness is more than adt^quate for 
many production-testing applications. 

The basic circuitry, devised by I)i‘. 
W. N. Tuttle,* replaces the usual resis¬ 
tive ratio arms of 



a bridge by low- 
impedance volt¬ 
age sources from 
transformer sec¬ 
ondaries. Whil(* 
phase and ampli¬ 
tude specifications 

iStumlimls on Klcrtnut 
TuIm^: Motliodn of Ti*m- 
inK, 19.70. 

*A. G. Bouwiuct, "Tran- 
siMtor Mf'HHurenu.'iitri with 
the V ft c u u in - T u h n 
Briclite.” Gentral Radio 
Erperimenter, N'ol. 27. 
N.». 10. March, 19r>3. 

*W. N. Tuttle, “Dynainir 
Afcrtjitm'nipnt of Weetron 
Tube Coefficients,’* Pr/x-. 
IRE, Xo. 21, pp. «U4.S:.7. 
June,1933. 


Panel view of the new 
Type 1661-A Vacuum- 
Tube Bridge. 
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require close manufacturing tolerances, 
^ tlie novel circuit .successfully meets re- 
(juirements peculiar to tube and tran¬ 
sistor measurements. The common 
elect I’ocJe of the* devucc under tc*st and 
the power .supplies can all he connected 
to a common ground, and the voltage 
drop due to ehsdrcKle currents is negli- 
gihle. The bridge indicates directly the* 
real component of the coefficient as 
plate ix*si.stance, tran.sconductance, or 
amplification factor. The out-of-])ha-s(* 
component due to int<*relectrod(' capaci¬ 
tance is balanceei out without affecting 
the real component value. 

The l)asic design has not changeel in 
.succe.ssive inod<‘Is. hut the method of 
connecting tin* device tinder test has oc¬ 
casionally lH*en modifieil to a<lapt to the 
growing list of tulK*-l)a.se types and to 
transistors. 

A new and improvcnl version, thed'YeK 
^ I (it) I-A \'acuum-Tuhe Bridge, incorpo¬ 
rates many small hut significant featurt^s. 

The gent*ral panel layout and the 
sloping-front cabinet have been retained. 
'Fhe cabiiw‘t depth has l>een nnluced 
somewhat, but other dim<*nsions are left 
unchanged to permit tin* new 1 nidge to 
be mounted in the consoles that many 
users have found convenient for labora¬ 
tory u.se and for jiroduction testing with 
previous models. 

Twin Triodes 

Perhaf)s the most welcome new feature 
is a .switching arrangem<*nt that permits 
measurement s<*quentially c)f both s(‘c- 
tions of twin triodes, twin p(»nt()des, etc., 
witliout the ne(*d for reconnection of the 
patch cords. This feature will be most 
appnx‘iatcH;l in production testing where 
formerly two-.section tub{*s had to be run 
^ through test twice bc*<‘ause the patch¬ 
cord connection system was a(h*ciuate 
only for one tube swtion at a time. 


Self-Bias 

Tests with .self-bia.sing cathode r(‘sis- 
tors in the circuit are now re<piirt*<l for 
several tube tyi>es. and coniuytions for 
.such tests have heretofore b4*eu ipiite 
difficult to set up. In the uew design, 
the panel switch that .seUsts the tub«* 
seetiofi also cf)nii(‘cts the (kathodes 
to a system of three t)airs of binding 
posts that p(‘rmit the connection of 
self-bia.sing resistors to the s<»parat<* 
cathodes or to the two catlKKies in 
parallel. 

Tube and Transistor Base Adaptors 

In spite of the midtiplicdty of tithe ami 
transistor bas(*s. the bridge ha.s been 
kept up to date* r<‘lativ<*ly simply, be- 
cau.se an adaptor plate is providtsl for 
each kind of ba.se. With the ada|)tor 
phigg(*d into tin* panel, the tube el(M- 
tr(Ki(‘.s can be connect(*d to tli<* appropri¬ 
ate* power-siqiply ami bridgt* terminals 
by means of the nine doubly shiekh*)! 
coaxial cable's. Four grounde*el coniie*<*tons 
have be*(*n addenl to simplify the gronml- 
ing of any tube* te*rminals. The.si* con- 
ne*ctors and two unground(‘(l connectors 
provide convenient am*bor |K)ijits to hold 
the iinii.seMl patch cords se*cnivlv out of 
the way. The patch cords have Imm*?) 
le*ngth<.*nf*<i to insure that they will not 
inte,*rf(‘re with the enve*lopc of a large 
tube*. 

A m*w adaptor plate carrie*s three 
sockets for transistors. One is for 
.JKTE(.’-80 ba.se*el transistors: a seH'oml 
is for 3- f)r -1-in-line long-h*a<i transi.stors 
(or tubt*s): the tliird is for 3- or 4-in- 
chister long-h*a<l transistors. There are* 
now a total of thirtc*(*n adaptor platens 
including the “universal” plate to which 
any uim.siial socke‘t or tube can be .sol- 
derenl. The adaptor plates and othe*r 
ae'ce.ssories are* supplied in a convenient 
aec(*ssory box. 
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Voltage and Current Limits 

TIm* ir)(K>-vult limit has bmi retained 
as the maximum allcmahle ‘‘plate” volt¬ 
age hut, Uraiise of the growing list of rel¬ 
atively high-eurreiit tulx^s, the “plate” 
current limit has been raisetl from bM) to 
4(K)-milliamper(‘S (If. B4H-au»<* some tran- 
sistoi*8 show a fnxiuency efIW't oven at 
KKX) cycles, the redf*sigTi has extended 
the ofKTating frtH]uency to iiichidc the 
271) to 4(K)-<*ycle range in adilititui to the 
IIK)0-cycle jKMnt. 

Other Changes 

()pi*ration at lower frequencies and at 
higher currents has nwessitafed a ri*de- 
sign of the transformers. Magnetic 
shielding l»as l)een improved by mount¬ 
ing the transformers in M*nielal shields, 
'fhe input transformer has l)een elim- 
inatinl and the input imp<*dance has l>een 
r(‘duced (5.>0-21()0 ohms). 

A new osi’illator anil a new filler have 
bit*n di*signcHl (si*e Inflow) t<» provide 
lM)th bridge |)ower and detector si'lec- 
tivity at 270 and KKK) eyelids. 

For the resistance and transconduc- 
t ance measu remen ts, the resist ance st and- 
ard luus bt'en 1(K),(XK) ohms. A panel 
switch now permits a choice iK'tween a 
l0,(K)0-ohm and a 100,()00-ohm stand- 
anl. The u.si' of the lower resistance 


cisir i 




Vi«w of storag* box, opanod to show occottery 
adaptors and cabUs. 


standard improvi*s the sensitivity of bal¬ 
ance and the signal-to-noisi* ratio by a 
factor approaching 10 when low “plate 
resistance” or high “transconductance” 
devices are measu hmI. Hy the same 
token, for a given signal-to-noise ratio 
the range of resistance or transconduc¬ 
tance measurements is extendeil. 

Many of the new features are the 
direct result of sugg<*stions from the 
users of the bridge who, after all, are in 
a much better position than is the in¬ 
strument designer to evaluate the vir¬ 
tues and the foibles of the iKpiipment. 

- A. Cl. BorsQUET 


SPECIFICATIONS 


Ronga: .\tnplifinition furtlir (/i), 0.001 to 10,000. 

Dynamic internal plate rosistnneo (rp), 50 
ohm^ to 20 nugohin^. 

Traii.stfmductance (gwi, 0.02 to 60,000 mi- 
<'romhoK. 

riuliT proper »*onditio!i>, the alwive raiigt's 
can he exei'eded. Tin* VHri«»U.« panmieter.s can 
alMi he meui^und with n'j<|K‘et to varioin^ eh*- 
menth, siirh screi'ii grid.'*, I'te. Nigntive ns 
well (iH fxisitive values eaii Im* nietisun'd. 

Accuracy: Within ±2^ for reHislatie<*s trp 
switch |>osition) fn>m 1000 to 1,000,000 ohms. 
At lower and higher valui's the error inerea.<«‘s. 

Tin* exprcKsion p — r^g^ will eh<*<*k to d:2''r 
when till’ quant it ies are all measured by the 
bridge, and when Tp is bi'twi-en 1000 ami 
1,000,000 ohms. 


Tuba and Transiitar Mounting: Adaptora are pro¬ 
vided for 3- and 4-lead transistors (including 
.IKTKC liO) and for tulM*s of 4-ntn, .Vpin, 6-pin, 
small 7-pin, large 7-pin, oetid, foetal, miniatun> 
button 7-pin, miniature buttiin 9-pin (noval), 
a<“orn (5- and 7-pinh flat-press sub-miiiiat ure 
up to 7 wires, and 8-wire sul>-minar. In addi¬ 
tion, u universal adaptor, with nine .soldering 
lugs, is pnivided so that unhasi'd transistors, 
unmountid tul)es, or tubes with non-standard 
b{ur«*s ran Ite mea'^ured eonveniently. For short- 
le:ul sul>-miniatun^ tube's and for traiLsi.stors, 
sockets an* suppliid which can be mounted on 
the universal aeluptnr. Thws all standard eom- 
mereial rees'iviiig tulM»s and transi.stors can lx* 
meiisured. The panel jack ftlate and the tidap- 
tors are made of low-loss (natund) phenolic, 
reilueing to a minimum the shunting effect of 





i 
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liiolortrir losses on the dynamic resistance being 
measuriHl. 

Currant ond Voltoga Ratings: Muxitntim iUlowahlc 
plate cuirerit, 4(K) mu; maximum plate voltiige, 
1600 volts. 

ilactreda VoHoga Supply: Batterif^ or other suit* 
able power supplies arv iieoc'SKurv* for providing 
the variou.s voltagi^H required hy the device 
under test. 

Bridge Source: Typp. 12I4-E Oseillat4)r is recom¬ 
mended. 

Null Detector: The Tvpp 1212-A Unit Null D«*- 
teetor with the Typp 1951-E Filter is reeom- 
mendi*d. 


Accessories Supplied: Adaptors 08 listed above, 
all nec<?ssary plug-in leads, and Hhieldr*d patch 
cords for eonneeting generattir mtd deU'ctor. 

Mounting: The instrument is mount4‘d in a hanl- 
woud cabinet. A wimkIcii .stomgt^ ease is pro- 
vithnl for the adaptors and leaiis. Stortige space 
is pntvideil for a spare Universiil tiduptor, on 
which any type of socket can Im‘ itermanently 
mounted.’ 

Dimensions: fl^Mlgthl 185^^ X (width) 15‘'’4 
X fheight) 11 inches. 

Net Weight: TVPE 1601-A weiglis 40 pouiuh^. 
The accessories supplied and the accessory Imx 
weigh 14 pounds. 


Type Code Word Price 

1661-A I Vacuum-Tube Bridge... | liKKiE | $975.00 


TYPE 1214-E UNIT OSCILLATOR 


The Typk 1214-K Unit Oscillator was 
tlt'signtxl to nuH't the hri(lgt*-s<»urce re- 
(|tiirements(>f the Type I(i01-.\ Vacimm- 
’rtihe Bridge(iescrihe'll altove. It is small, 
self-contaiiUHl, sufficiently well shielded, 
adc'quate in jK^wer output, and of appro¬ 
priate impcHlance level. Output is avail¬ 
able at UK)() cycles and at the low-audio 
frtxiuency of 270 cycles, which is desir¬ 
able for tests on some tnuisistors. 

Like the other Type 1214 Oscillators, 
this iiLStrument includes a transformer- 
U'ss power supply, and isolation from 
the power line is ttblaini'd Ity inductively 
coupling the output circuit to the oscilla¬ 
tor tank. 



The impcMlance level pri'senU'd by the 
Type KUil-A Ihidge is in the range of 
o50 to 2I(K) ohms, and the power de¬ 
li verixl by a typical Type 1214-E over 
thi.s range is at least 300 milliwatts. 


SPECIFICATIONS 


Fr«qu«ncy: 270 and 1000 cycles per tu'cund. 
Accuracy: db2%. 

Output: 300 milliwatts into 800 ohms. 

Output impMlanc*: Approximately 200 ohm.'« at 
270 cycles; approximately 500 ohms at 1000 
eycles; both at maximum setting of output 
eonirf)!. 

Harmonic Distortion: 3% with 8(X)-ohm load. 


Pow«r Supply: 105 to 125 Volts, 50 to 00 cycles. 
Powtr Input: 10 watt.x at 115 volts. 

Accastoriat Supplied: Spore fu.s(‘8. 

Tuba Compl«m«nt: One 1I7N7-GT. 

Dimansiont: Panel, (width) 4^4 X ^height) 5kf 
inches; depth b<4iind panel, 5^ inchc'H. 

Not Wright: 4^^ pr>undH. 


Type Code Word Price 

1214-E i Unit Oscillotor. j ASSAY I $75.00 



lET LABS, INC in the GenRad tradition ^ 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800 ) 899-8438 • fax: (516) 334-5988 







GENERAL RADIO EXPERIMENTER 


16 


TYPE 1951-E FILTER 


The null detector recommoruhHl for 
the Tvpk 1661- a \’aciium-Tuhe Bridge 
is the Type r212-A Unit Null Det<H*tor. 
It is essentially a thre(‘-stage amplifier 
with the null indicated on a panel meter. 
'Fhe response is quasi-Iogarithniic. For 
maximum sensitivity and sele(‘tivity, it 
is suggesUxl that an irap<‘dance-inatch- 
ing filter l>e pla<*ed between the bridg(‘ 
and the amplifier. For 4(X)- and IdOO- 
cycle operatioTK the Type I95UA Filter 
has proved adi'quate. Since pnivision 
has l)een mad(‘ for 270-<-ycl(‘ oix'ration 
of the vacuum-tube bridge, a new filter 
has l)een designed to in(‘hide the new 
fr(H|uency. The Type I9o 1-K Filter has 


a panel switch to permit operation at 
either 270 or KKK) cycles. Like the Type 
105l-A mcKlel, it provides four input 
connections for optimum impcxlance 
maU’hing over the nominal range's of 0-5 
kilohms, 5-50 kiloluns, 50-5(X) kilohms, 
and 5(K) kilohms and higher. 

The filter is a tiiiUHl circuit with a 
capacitive voltage divider to |)rovide the 
impc'elance matching. The inductor is a 
toroid with permalloy shielding. As a 
con.se(juence, external coupling is neg¬ 
ligible and tlu' filter cjui be connected to 
the input of an amplifier of microvolt 
sensitivity without introducing spurious 
pickup. 


SPECIFICATIONS 


Fr«qu«ncy: 270 and KKX) ryi*lf«. 

Second Hormonk R«j«ction: .\t Ifant .'iO dh. 
Acc«ttoH»t Suppikd: OlM* i‘a<*h T> I’K 274-MH 

Tup*' _ 

1951.E I Filtsr. 


Dnubir PliiK, Tyi'K 274-N'K Shirld«*<l Pluj; 
Typk 871-QO .\d:ipt(>r. 

Dimvnsiont: 3* 2 X 3*^4 X 45^ illfhcs, OVor-all. 
N«t weight: 1 *4 |H)Ululh. 

Ctnlr Wonl Face 

I FCKKY I $80.00 


See these and many other New General Radio Instruments 
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